Objective: The presence of central neck lymph node (LN) metastases (defined as pN1a according to Tumor Node Metastasis classification) in papillary thyroid cancer (PTC) is known as an independent risk factor for recurrence. Extent of LN metastasis and the completeness of removal of metastatic LN must have an impact on prognosis but they are not easy to measure. Moreover, the significance of the size of metastatic tumors in LNs has not been clarified. This study was to evaluate the impact of the extent of LN metastasis and size of metastatic tumors on the recurrence in pathological N1a PTC. Design: This retrospective observational cohort study enrolled 292 PTC patients who underwent total thyroidectomy with central neck dissection from 1999 to 2005. LN ratio was defined as the number of metastatic LNs divided by the number of removed LNs, which was regarded as variable reflecting both extent of LN metastasis and completeness of resection, and LN size as the maximal diameter of tumor in metastatic LN. Results: The significant risk factors for recurrence in univariate analysis were large primary tumor size (defined as larger than 2 cm), high LN ratio (defined as higher than 0.4), and presence of macrometastasis (defined as larger than 0.2 cm). Age, sex, clinical node status, and microscopic perithyroidal extension had no effect on recurrence. In multivariate analysis, high LN ratio and presence of macrometastasis were independent risk factors for recurrence. Conclusion: LN ratio and size of metastatic nodes had a significant prognostic value in pathological N1a PTC. We suggest that risk stratification of pathological N1a PTC according to the pattern of LN metastasis such as LN ratio and size would give valuable information to clinicians.
Introduction
Regional neck lymph node (LN) metastases are found in up to 70% of cases of papillary thyroid carcinoma (PTC) and the presence of neck LN metastases has been identified as an independent risk factor for recurrence (1, 2, 3, 4) . American Joint Committee on Cancer (AJCC) classification system based on pathological tumor node metastasis (TNM) parameters and age categorizes nodal status into N1a and N1b according to the compartment of neck nodes but the prognosis of PTC patients with pathological N1a are quite variable (3) . It is difficult to clarify the prognostic factors and to find optimal management strategies for PTCs because of its indolent clinical course (4) .
LN ratio after lymphadenectomy has been known as a prognostic variable in nonthyroidal cancers such as gastric, breast, and colorectal cancers. Complete surgical removal of the involved LN may lead to clearly better prognosis even with the large number of involved LNs (5, 6, 7) . In breast cancers, LN size is also an important prognostic factor. The term 'micrometastases' was arbitrarily defined in the breast cancer staging system in 1971 on the basis of 0.2 cm and it subclassifies N1 disease (8, 9) .
Several studies also suggested that larger size or higher number of metastatic LNs in PTC is associated with poorer outcomes (1, 10, 11, 12, 13) . A recent review suggested new risk factors that modify standard N1 risk of recurrence such as clinical status, size, number, or presence of extranodal extension of metastatic lesions in LNs (14) .
Here, we evaluated the prognostic value of metastatic LN ratio and maximal metastatic tumor size in pathological N1a PTC patients who underwent operation in a single tertiary referral hospital with postoperative radioactive iodine (RAI) ablation therapy.
Materials and methods

Patients
Between 1999 and 2005, 602 conventional PTC patients who underwent total thyroidectomy, routine central neck dissection by a single surgeon (S J H), and subsequent RAI ablation therapy according to a protocol established by the Endocrinology Division of the Asan Medical Center (Seoul, Korea) were retrieved (15) . The median dose of administered radioiodine was 5.6 GBq. Among them, we only included patients with four or more removed central LNs and with the maximal diameter of primary tumor O1 cm. Patients with lateral neck LN involvement or distant metastasis, gross invasion, or resection margin involvement by tumor were excluded. Finally, 292 patients were eligible for analysis ( Fig. 1 ). This study was approved by the institutional review board.
Definitions
Clinical node status was defined as follows: clinical N1 (cN1) was defined as the presence of suspicious central neck LNs identified by preoperative physical examination, preoperative imaging and/or gross inspection during surgery. Clinical N0 (cN0) was defined as the absence of suspicion for LN involvement.
All the patients eligible for analysis received central neck node dissection (by the inclusion criteria regarding the number of removed nodes). We divided patients into two groups according to clinical node status. Thus, a group of patients with cN1 was defined as 'therapeutic dissection group', and the other group of patients with cN0 was defined as 'prophylactic dissection group'. Pathological N1a (pN1a) was defined as the presence of metastatic LN among four or more removed LNs from central neck and pathological N0 (pN0) was defined as the absence of metastasis in pathological examination.
LN ratio was defined as the number of metastatic LNs divided by the number of removed LNs. It represented the extent of LN involvement and completeness of LN dissection. Receiver Operating Characteristic curve (ROC) curve analysis showed that 0.38 is the appropriate cutoff point of LN ratio (data are not shown). So, we defined low LN ratio as %0.4 and high LN ratio as O0.4.
LN size, which means the maximal tumor diameter in the metastatic LNs, was classified into two groups on the basis of the largest LN among metastatic LN using the concept of micrometastasis in breast cancer (8, 9, 16) : micrometastasis, %0.2 cm; macrometastasis, O0.2 cm.
The patients were classified into three groups by the LN ratio and LN size: Low, low LN ratio with micrometastasis; Intermediate, low LN ratio with macrometastasis or high LN ratio with micrometastasis; and High, high LN ratio with macrometastasis.
Pathological examination
The entire specimen from the operation was submitted for histological analysis to find LN metastasis and the maximal tumor diameter in the metastatic LN was recorded. For this study, an experienced pathologist (D E S) reviewed the pathological slides and measured the size of metastatic foci in each LN.
Follow-up protocol to detect recurrence
After remnant ablation, all patients were regularly followed with physical examination and serum Tg measurement every 6-12 months. Neck ultrasonographic examinations were done in all patients during the entire follow-up periods at 6-to 12-month intervals. Additional diagnostic imaging studies, such as diagnostic radioiodine whole-body scan, computed tomography, magnetic resonance scan, or whole-body fluorodeoxyglucose-positron emission tomography scan, were also performed in some patients. Clinical recurrence was defined as the structural disease recurrence; reappearance of pathologically proven malignant tissue and/or appearance of metastatic lesions in other organs by imaging studies. Recurrence-free survival curves were constructed using Kaplan-Meier method and log rank tests were used to evaluate differences of recurrence-free survival between patient groups. We also analyzed the impact of these variables on recurrence in each dissection group. All P values were two sided, with P!0.05 considered statistically significant.
Results
Baseline characteristics of patients and LNs
A total of 292 patients were evaluated in this study, and they were followed for a median of 8 years (IQR 5.8-10.0). Median age of the patients was 44.4 years (IQR 35.1-54.2) and 264 (90%) patients were female. Median primary tumor size was 1.8 cm (IQR 1.5-2.5). Of 292 patients, 108 (37%) were therapeutic dissection group and 184 (63%) were prophylactic dissection group. Among 108 patients in the therapeutic dissection group, four had enlarged LNs in preoperative physical examination or preoperative ultrasonography and 104 in intra-operative gross inspection ( Fig. 1 ).
Using TNM system (a classification system of the AJCC, 6th ed., 2002), 172 (59%) patients were stage I, seven (2%) were stage II, and 113 (39%) were stage III. The median number of resected LN per patient was 9 (IQR 6-13). Of the 292 patients, 151 (52%) showed metastases to central neck and the median number of metastatic LN was 3 (IQR 2-5.5). Patients with high LN ratio were 62 (41%) and those with low LN ratio were 89 (59%). The mean metastatic LN size was 0.3 cm (IQR 0.2-0.5). Among patients with LN metastasis, 92 (61%) showed macrometastasis and 59 (39%) showed micrometastasis. Group Low included 46 (31%), group Intermediate included 56 (37%), and group High included 49 (32%) patients (Table 1) .
Thirty-six (12%) events of recurrence had occurred during the follow-up period. Thirty-three (92%) of them were lateral neck recurrences, two were recurrences at operation bed, and one was metastasis to mediastinal LN. Most of the recurrences (34, 94%) were treated by surgical excision, two with lateral neck recurrences by RAI, one with lateral neck recurrences by ethanol injection, and one with mediastinal metastasis by radiotherapy. There were three mortality events including one of disease-specific mortality from patients with lateral neck recurrence.
Impact of LN ratio and LN size on recurrence
In univariate analysis of risk factors for recurrence, primary tumor of O2 cm and pN1a compared with pN0 were significantly associated with recurrence of PTC. Age, sex, presence of microscopic perithyroidal extension, and clinical node status were not risk factors for recurrence. We subdivided pN1a group on the basis of LN ratio and LN size. High LN ratio showed a higher hazard ratio compared with the pN0 group. Not only macrometastasis but also micrometastasis of LN was associated with higher risk of recurrence than pN0 group. In consideration of both LN ratio and LN size, group Low did not show any significant impact on prognosis (Table 1) . Multivariate analysis on tumor size, LN size, LN ratio, and patient's group, which were significant factors associated with recurrences in univariate analysis, revealed that high LN ratio and presence of macrometastasis were independently associated with recurrence. Micrometastasis also carries a risk higher than pathological N0 but lower than macrometastatic disease after adjusting for tumor size. Group Low showed higher risk of recurrence when compared with pN0 but it was not statistically significant (hazard ratio 2.07, 95% confidence interval (CI) 0.46 to 9.28, PZ0.341) after adjusting for tumor size. This result suggests that LN ratio has a more distinct effect on prognosis than LN size. Patients in group Intermediate and group High showed significantly higher risk of recurrence (hazard ratio 5.31, 95% CI 1.62 to 17.43, PZ0.006 in Intermediate group; hazard ratio 16.55, 95% CI 5.58 to 49.11, P!0.001 in High group) ( Table 2 ). Kaplan-Meier curves for recurrence-free survival according to the patient groups is shown in Fig. 2 , and there was a clear association between prognosis and patient groups (c 2 Z60.9, P!0.001).
Impact of LN ratio and LN size on recurrence in each dissection group
Of 108 patients in therapeutic dissection group, 40 patients (37%) were pN0 even though they had cN1 disease. Higher LN ratio and larger LN size were also significant risk factors in this group. However, the Duration of follow-up (year) Recurrence-free survival (%) 8 10
High ( analysis for patient group according to LN ratio and size showed poorer prognosis in pN0 group than Low group (Table 3 and Fig. 3 ). One possible reason is the failure to detect clinically apparent LNs during operation. Alternatively, enlarged LNs caused by inflammatory change may have led surgeons to make no further efforts to find other suspicious metastatic LNs. Of 184 patients in the prophylactic dissection group, 83 patients (45%) were pN1. LN ratio and size were also significant risk factors in this group. The patient groups according to LN ratio and size were well correlated with prognosis (c 2 Z43.9, P!0.001) ( Table 3 and Fig. 3 ).
Discussion
We showed the prognostic values of LN ratio and metastatic LN size on recurrence of PTC by comparing the risk of recurrences in pN0 and pN1a patients. To precisely assess the impact of metastatic pattern in central neck LN on prognosis, we only selected patients with primary tumor O1 cm and without metastases to lateral neck or to distant organs. As only one diseasespecific mortality event occurred during the follow-up period of median 8 years, we could not evaluate the influence of prognostic factors on overall survival.
This study demonstrated that both high LN ratio and large LN size were positively associated with recurrence and LN ratio has a more prominent effect. As shown in Fig. 2 , patient groups according to LN ratio and LN size were highly associated with prognosis. However, patients in group Low did not show a statistically significant increased risk of recurrence compared with those without pathologically proven metastatic LN. The others had poorer prognosis that was statistically significant and among them, group High, which had both high LN ratio and large metastatic LN, showed the lowest recurrence-free survival rate at 54.8%.
Moreover, we found that older age at diagnosis and presence of microscopic perithyroidal extension did not have prognostic values on recurrence. Size of primary tumor, which was well known as an important prognostic factor for PTC, also showed no significant effect on recurrence in this study. Recurrence-free survival rate according to pathological T stage was 96.7% in T1, 76.5% in T2, and 84.6% in T3, and it seems that pathological T staging is not enough to predict prognosis (hazard ratio 1.53, 95% CI 0.94 to 2.51, PZ0.090). This is not consistent with the previous data (1, 10, 11, 12) and we think that patient selection bias might have led to this conclusion, as only those with tumor size O1 cm were analyzed. Patients with tumor size !1 cm showed overall excellent prognosis and it was not meaningful to analyze the impact of central neck LN metastases. We also excluded patients with gross invasion or resection margin involvement, which were associated with poorer prognosis (4) .
Postoperative staging is important to assess the risk for disease recurrence, to make decisions on the frequency and intensity of follow-up and on postoperative adjunctive therapy. TNM classification is generally applied for differentiated thyroid cancer staging, but it was developed to predict risk for mortality and may not be appropriate for predicting recurrence in patients (4) . TNM classification distinguishes central LN metastases from lateral neck metastases but does not take into consideration the extent of metastatic LN (1). The American Thyroid Association risk of recurrence system also did not use other characteristics of the LN metastases such as size or number of metastatic LNs (4). All patients with central neck metastases were treated in the same way, but we showed that their prognosis was extremely different according to LN ratio and to metastatic LN size. These results proved the need for new staging systems to predict accurate risk of recurrence of pN1 patients. This is consistent with the previous studies which showed that increased number of central LN metastases and LN size of larger than 3 cm were associated with poorer prognosis (1, 3, 10, 12, 13, 14, 17) . Lang et al. (11) also revealed that higher metastatic central LN ratio (over 33.34%) was an independent factor for short-term outcomes estimated by postablative stimulated serum thyroglobulin. We believe that our findings may have important implications for clinicians. Patient's group considering metastatic LN ratio and size together would be a significant surrogate for determining RAI ablation dose and intensity of TSH suppression. Patients in group Low did not show any statistically significant increased risk of recurrence compared with pN0 patients in multivariate analysis, and this suggests that lower RAI ablation dose could be applied or RAI ablation may be omitted in these selected lowrisk patients.
The surgical management of the central neck in patients without documented metastatic disease remains controversial and some suggested that prophylactic central neck dissection leads to an increase in pN1 disease that seems not to affect prognosis (18, 19, 20) . In this study, 184 (63%) patients underwent prophylactic central neck dissection and there was no increase in recurrences in cN1 disease compared with cN0 disease. We only included patients who underwent central neck dissection and could not compare the prognosis of prophylactic central neck dissection vs no prophylactic central neck dissection in cN0 patients. About half of cN0 patients who underwent prophylactic central neck dissection were pN1 disease and their prognosis was also well correlated with LN ratio, size, and patient's group. Our results suggest that discrete pathological LN staging after central neck dissection even prophylactic is an accurate predictor of recurrence. Further large studies are needed to evaluate this potential conflict.
Presence of microscopic ETE of tumor results in upstaging of T1 or T2 tumors to pathological T3 by current TNM staging system, but recent studies showed that microscopic ETE is of less significance than gross extension and patients' outcomes were not affected by microscopic ETE. Our findings along with previous data suggested that upstaging and administration of higher dose of RAI ablation due to microscopic ETE does not improve the prognosis (21, 22) .
In conclusion, we found that recurrence-free survival in pN1a PTC patients was affected by the LN ratio and the size of metastatic LNs. Risk stratification for recurrence in pathological N1a patients according to LN ratio and size of metastatic LNs would give valuable information to clinicians.
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